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In the United States Patent and Trademark Office 



Applicant: Stefan Wode Attorney Docket: 200-080 

Patent Application 
Serial No: 09/986, 887 

Filed: November 13, 2001 

For: Method for Making a 

Pressure-Tight Attachment 
of an Elastomeric Tubular 
Piece to a Connecting Part 




Statement by Attorney that Papers Attached to 
Declaration are a Codv of those Filed in the Patent 
and Trademark Office to Get a Filing Date 



Honorable Commissioner of 

Patent and Trademarks 
Washington, D. C. 20231 

Dear Sir: 

I, Walter Ottesen, state that I am the attorney for this 
application and that I have reviewed and found the specification 
(pages 1 to 9) and one sheet of drawing (FIG. 1) as shown in my files 
to be the papers attached to the declaration of Stefan Wode for Method 
for Making a Pressure-Tight Attachment of an Elastomeric Tubul ar Piece 
to a Connecting Part which accompanies this statement and I declare 
that these papers attached to the declaration are a true copy of the 
specification and any amendment thereto which I filed in the Patent and 
Trademark Office in order to obtain a filing date for this application 
on November 13, 2001. 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information and 
belief are believed to be true; and further that these statements were 
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made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code and that such 
willful false statements may jeopardize the validity of the application 
or any patent issued thereon. 

Respectfully submitted, 




Walter Ottesen 
Reg. No. 25,54 4 



Walter Ottesen 
Patent Attorney 
P.O. Box 4026 

Gaithersburg, Maryland 20885-4026 
Phone: (301) 869-8950 
Date: December 14, 2001 
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Attorney Docket No: 200-080 

Method for Making a Pressure-Tight Attachment of an Elastomeric 
Tubular Piece to a Connecting Part 
Background of the Invention 
5 European patent publication 0,548,627 discloses a method for 

pressure-tightly connecting a tubular piece to a connecting part. 
The tubular pieces to be attached are especially in the form of 
resilient members for motor vehicle air springs. The 
pressure-tight attachment of such resilient members to cover 
10 plates and/or roll-off pistons takes place with metal clamping 

rings which can be radially pressed. 

Arrangements for pressure-tightly attaching a resilient 
member to a connecting part are disclosed in European 
Patents 0,110,805 and 0,548,627. A component, which comprises 
15 radially displaceable segments arranged to have a ring shape, is 

placed about the receiving longitudinal axis of the clamping 
device . 

To attach a resilient member to a connecting part, the 
resilient member is pushed onto the connecting part and is 

20 provided with a clamping ring and is introduced axially into the 

center receptacle of the clamping device. A force, which acts 
from the outside on the radially displaceable segments, leads to 
a reduction of the central opening between the clamping jaws 
which accommodate the resilient member arrangement and, with 

25 increasing narrowing contact with the resilient member 

arrangement, this force leads to a plastic deformation 'of the 
clamping ring whereby the previously pushed .on end of the 
resilient member is tightly clamped to the connecting part. 

The termination of the clamping operation can be controlled 

30 as set forth below. 
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According to a first procedure, the termination is 
controlled by a pure limiting of the displacement. Because of 
manufacturing tolerances in the clamping ring and/or the wall of 
the resilient member, no reproducible and therefore no 
5 satisfactory attachment quality can be achieved with a pure 

displacement limitation. This is so because the different 
dimensions lead to a differently intense pressure of the 
"clamping ring/resilient member end" for a purely displacement 
limitation. On the one hand, this can lead to damage of the 

10 mechanically sensitive resilient member for too high a contact 

pressure and, on the other hand, leads to a clamping of the 
tubular resilient member which is not adequately friction tight 
when the contact pressure is too low. 

According to a second procedure, the termination of the 

15 clamping operation can be controlled by limiting the axial 

contact pressure. Here, the clamping operation is interrupted 
when a pregiven contact force is reached. Geometric 
manufacturing tolerances can be compensated in this manner. The 
disadvantage of such a force-controlled clamping operation is 

20 that force tolerances can develop in the clamping device and that 

the force, which is generated by the press tool, is therefore not 
in a clear relationship to that particular force which develops 
between the tubular resilient member and the connecting part. 

Still more important is the fact that fluctuations of the 

25 clamping ring hardness have a direct effect on the clamping 

result. 

Summary of the Invention 

The method of the invention is for force-tightly attaching a 
tubular piece made of elastomeric material to a connecting part. 
30 The method includes the steps of: pushing an open end of. the 
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tubular piece onto the connecting part; positioning a metal 
clamping ring around the tubular piece at the pushed on end 
region thereof; radially applying a clamping force to the 
clamping ring to reduce the diameter of the clamping ring and 
5 thereby tightly clamping the tubular piece on the connecting 

part; detecting the radial force developed during the clamping 
operation between the clamping ring and the tubular piece; 
observing and measuring a force/displacement curve during the 
clamping operation; and, utilizing a characteristic feature of 

10 the force/displacement curve as a basis for a criterion for 

switching off the application of the clamping force. 

The task solved by the invention thus is that the clamping 
of the end of the tubular piece to a connecting part by a 
plastically deformable clamping ring is terminated at the correct 

15 time, that is, before damage occurs but only when a sufficient 

strength is ensured. 

For the pressure-tight attachment of the tubular piece made 
of elastomeric material, the end of the tubular piece is pushed 
onto the connecting part in the conventional manner. Then, a 

20 metal clamping ring is positioned on the end region of the 

combination "end of the tubular member/connecting part". 
Thereafter, and with the aid of a clamping device (for example, 
of conventional type) , the central opening, and therefore the 
inserted plastically deformable clamping ring, is reduced in size 

25 by a radial pressing together of the clamping jaws so that the 

end of the tubular member is pressure tight and mechanically 
tightly clamped to the connecting part. At the same time, the 
radial force which is developed is measured during the clamping 
operation or a force is measured which is in direct relationship 

30 to the radial force. 
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According to the invention, the force/displacement curve is 
followed during the clamping operation and a characteristic 
feature of the measured force/displacement curve is utilized as a 
computational basis for a switchoff criterion. Maxima and 
5 turning points of the force/displacement curve can be viewed as 

switchoff criteria. Here, a defined plastic deformation of the 
connecting part (air spring cover and/or air spring piston) is 
deliberately accepted. 

Preferably, the clamping operation is only ended when the 
10 clamping force begins to drop off for the first time after a 

defined maximum has been exceeded. It has been shown that, in 
this way, a very tight clamping is achieved without damaging the 
end of the tubular member. 

The force which acts on the clamping ring can deviate from 
15 the primarily developed force because of the lost force vanishing 

in the mechanics of the clamping device. For this reason, it is 
advisable, after the clamping, to check whether the obtained 
parameters (force/displacement) lie within defined tolerance 
bands . 

20 Accordingly, an optimal clamping is ensured when a plastic 

deformable piston or cover material is used whose failure or 
break elongation is not exceeded with the method. 

With the aid of the method of the invention, the clamping 
becomes more cost effective because cost-effective computers can 

25 be utilized in the manufacture. However, it is not only with 

reference to the manufacturing equipment wherein a savings 
potential is realized but also with the ancillary parts. 

The clamping can be maximally exploited. In this way, for 
example, a thin walled material can be used for the production of 

30 air springs. Furthermore, parts having high tolerances with 



respect to hardness and thickness can nonetheless be reliably 
clamped. A material-specific optimization of the clamping 
connection is also possible without knowledge of the individual 
material characteristics. Furthermore, the clamping is more 
5 reliable and less waste is produced. 

The method of the invention for pressure-tightly attaching a 
tubular piece is not only applicable to air springs for attaching 
a resilient member (tubular piece) to a cover and/or to a 
roll-off piston. Tube ends can also be mounted pressure tight on 

10 various connecting parts in the area of hydraulics. 

Brief Description of the Drawing 

The invention will now be described with reference to the 
single figure (FIG. 1) of the drawing which shows a 
force/displacement diagram. The diagram is a plot showing how 

15 the force varies as a function of displacement during the 

clamping of an air spring clamping ring. 

Description of the Preferred Embodiments of the Invention 

FIG. 1 shows the clamping force K of the clamping device 
plotted as a function of the diameter (d) between the clamping 

20 jaws of the clamping device. This force/displacement 

characteristic line is detected with the aid of a force sensor 
and a displacement sensor. The clamping jaws first pass through 
an air gap and only the more or less constant sliding friction is 
to be overcome (not shown) . When the clamping jaws come into 

25 contact with the clamping ring (dl) , the force/displacement curve 

climbs in correspondence to the hardness of the clamping ring (dl 
to d2) . The clamping ring is elastically deformed. With a 
further pressing together of the clamping jaws (d2 to d3) , a 
plastic deformation of the clamping ring takes place. The force, 

30 which is to be developed at this stage of the pressing operation, 



is given by the sum of the inner friction of the press tool 
(dependent upon the position of the force sensor) and the force, 
which is needed for the plastic deformation of the clamping ring, 
which is substantially constant. 
5 Driving the clamping jaws farther together leads to a 

further plastic deformation of the clamping ring and to a force 
between the tubular resilient member and the connecting part 
(cover or roll-off piston) . A deformation of the connecting part 
also takes place here which can be seen from an increase of the 

10 force/displacement curve (starting at d3) . In this range, the 

increase of the force/displacement curve is substantially 
dependent upon the stiffness of the connecting part. 

According to the invention, this straight-line ascending 
region is exceeded and reaches a maximum of the force whereafter 

15 the force, which is to be developed, again slightly drops. The 

maximum of the curve is only evaluated when an additional 
criterion (K > or d < d3) is satisfied; that is, another 

local maximum (for example at dl) should not be evaluated. This 
local maximum is dependent upon the type of machine used or the 

20 location of the force sensor. According to the invention, a AK 

is postulated as a switchoff criterion; that is, if the force 
drops by AK, then the clamping operation is ended. A further 
continuation of the clamping operation would result in a 
destruction of the clamping part at point X. 

25 It is understood that the foregoing description is that of 

the preferred embodiments of the invention and that various 
changes and modifications may be made thereto without departing 
from the spirit and scope of the invention as defined in the 
appended claims. 



6 




What is claimed is : 

1. A method for force-tightly attaching a tubular piece made of 
elastomeric material to a connecting part, the method comprising 
the steps of : 

pushing an open end of said tubular piece onto said 
5 connecting part; 

positioning a metal clamping ring around said tubular piece 
at the pushed on end region thereof; 

radially applying a clamping force to said clamping ring to 
reduce the diameter of said clamping ring and thereby tightly 
10 clamping said tubular piece on said connecting part; 

detecting the radial force developed during the clamping 
operation between said clamping ring and said tubular piece; 

observing and measuring a force/displacement curve during 
said clamping operation; and, 
15 utilizing a characteristic feature of said 

force/displacement curve as a basis for a criterion for switching 
off the application of said clamping force. 

2. The method of claim 1, wherein said tubular piece is a 
resilient member of an air spring and said connecting part is a 
cover or a piston of an air spring. 

3. The method of claim 1, comprising the further step of ending 
said clamping operation only when said clamping force begins to 
drop for the first time after a defined maximum of said curve has 
been exceeded. 

4. The method of claim 1, wherein the maximum of said curve is 
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only used for evaluation when K > and/or d < d3 is satisfied 

as an additional criterion. 

5. The method of claim 1, wherein a turning point of said 
force/displacement curve is used as a switchoff criterion. 

6. The method of claim 1, comprising the further step of 
determining, after the clamping operation, whether the obtained 
parameter (force/displacement) lies within a defined tolerance 
band. 

7. The method of claim 1, comprising the further step of using a 
plastic deformable material for said connecting part having a 
failure elongation which is not exceeded while performing the 
steps of the method. 
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Abstract of the Disclosure 

The invention is directed to a method for making a 
pressure-tight attachment of an elastomeric tubular piece to an 
attachment part. For making the pressure-tight attachment, an 
5 open end of a tubular piece made of elastomeric material is 

pushed onto a connecting part and a metal clamping ring is 
positioned thereon. While radially pressing the jaws of the 
clamping device together, the diameter of the clamping ring is 
reduced and the tubular piece is thereby tightly clamped to the 

10 connecting part. The clamping operation is ended before damage 

occurs but only when an adequate strength is ensured. During 
clamping, the force/displacement curve is observed and a 
characteristic feature of the measured curve is used as a basis 
of computation for a switchoff criterion. Preferably, the 

15 clamping operation is only ended when the clamping force begins 

to drop for the first time after the maximum force is exceeded in 
a defined manner in a predetermined localized or bounded curve 
segment. The method of the invention is especially for attaching 
a resilient member to a cover and/or to a roll-off piston of an 

20 air spring of a motor vehicle. 
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